INTRODUCTION
Knowledge of mechanical properties of a composite material is prerequisite to good engineering design. The problem of theoretically predicting the mechanical properties of a composite material as a function of the properties of its constituents has been thoroughly investigated by many authors [1] [2] .
In one general class of techniques, termed "effective modulus" theories, the composite is viewed as a homogeneous anisotropic material with "effective" elastic constants that are determined by the elastic constants of the constituent materials. All of these theories remove the microstructure of the composite from consideration and, as a result, cannot be expected to predict accurately the properties of the composite material over a wide range of deformation scales. One limitation which comes about from this "smearing" of the microstructure into a homogeneous continuum is that the effective modulus theories, and hence materials which are assumed to have "effective elastic constants", are incapable of predicting frequency dispersion of waves, which is sometimes very pronounced in composite materials [3] .
The practical problem of experimentally determining the "effective" elastic constants of a composite material has a long history. One of the most common techniques is to cut cubes of the material, at specific angles with respect to the principal directions of the composite, and to measure the ultrasonic wave speed in those directions. Analytical formulas, derived from Christoffel's equation, are then used for "inverting" the collected wave speed information to determine the effective elastic constants of the composite. This technique can be very accurate, but is clearly destructive in nature, and requires rather careful specimen preparation.
In recent years, our group, as well as several others [4, 5, 6] [0, ±. 45,0].
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nondestructive experimental methods for determining the effective elastic constants.
In this study, we have calculated several of the effective elastic constants of a particular, assumed orthotropic, graphite epoxy layered composite material by two techniques, the cube cutting technique and a recently considered one sided, non-destructive inspection technique developed by our group [7] . We have also compared these results to those obtained from quasi-static compression tests performed on the same specimen. The specimen orientation, and the coordinate system to which we have referred the elastic constants are shown in Figure 1 .
CUBE CUTTING TECHNIQUE
In the cube cutting technique, several cubes are cut from the specimen, at various orientations to the principal directions of the specimen, and phase velocity measurements are made in these directions.
For the assumed orthotropic structure of our specimen, there are nine independent "effective" elastic constants which necessitates making nine independent velocity measurements. These nine measurements come from using all three different modes, i.e., Quasi-longitudinal and both Quasi-shear, propagating in different directions. The large attenuation of fibrous composite materials, especially for the quasi-shear modes, requires the thickness of the cubes to be kept fairly small.
In this study, the thicknesses were approximately 0.5 inch. Another major concern when dealing with fibrous composites is the frequency dispersion of the waves, that is, a frequency dependent propagation velocity. Both the (frequency dependent) attenuation and frequency dispersion effects produce changes in the pulse shape as it propagates through the material, making phase velocity measurements very difficult.
In the cube cutting technique, these measurement error effects were minimized by making the cubes thin, and by using "tone burst" (narrow band) pulses of ultrasonic waves. The velocity measurement technique is described briefly below.
